, and global fits to precision electroweak data exclude masses greater than 144 GeV/c 2 at 95% confidence level [3] . (Some models beyond the SM predict Higgs bosons whose masses are not constrained by these limits.) For
Higgs boson masses just above the range excluded by LEP, the decay to bottom quarks bb dominates. Even though gluon fusion gg → H → bb has the largest cross section among
Higgs production processes in pp collisions [4] ), the bb data sample is dominated by nonresonant multi-jet background. Consequently, we search for W H production, requiring a leptonic W boson decay to suppress the background. In this Letter we report results of a search for low-mass SM Higgs bosons produced in association with W bosons and decaying to bb pairs. The resulting ℓνbb final state is identified by selecting events with exactly one high-energy electron or muon candidate, large missing transverse energy, and one or two jet candidates having a secondary vertex characteristic of heavy quark decay.
Recent searches at CDF and D0 [5, 6] were limited not only by smaller data samples, but also by contamination from jets associated with charm or light quarks which are falsely tagged as b jets. The search described in this Letter employs for the first time a neural network filter to reject such events, thereby improving the purity of the selected event sample. The data sample of pp collisions at √ s = 1.96 TeV used here corresponds to 0.955 ± 0.057 fb −1 of integrated luminosity, nearly three times the sample used in previous searches.
The CDF II detector is a general-purpose detector located at the Tevatron pp collider at Fermilab [7, 8] . It consists of a cylindrical magnetic spectrometer surrounded by sampling calorimeters used to measure energies of electromagnetic showers and jets. Charged particle tracking is performed with microstrip silicon detectors surrounded by a large cylindrical multilayer drift chamber, both immersed in a solenoidal magnetic field. Jets are identified as a collection of hadronic and electromagnetic calorimeter towers, which are clustered using an iterative cone algorithm with a cone of ∆R = (∆φ) 2 + (∆η) 2 = 0.4 units in the azimuthpseudorapidity space [9, 10] . Planar drift chambers used for muon detection surround the calorimeters at least five interaction lengths from the interaction region.
Events are collected using high-p T electron or muon triggers with a three-level selection filter. The first-and second-level criteria ensure that purely electromagnetic calorimeter clusters exist or that track stubs in the muon chambers align with drift chamber tracks having transverse momentum at least 8 GeV/c. The third-level trigger ensures that a fullyreconstructed track with p T at least 18 GeV/c points to the electromagnetic cluster or muon stub.
Events compatible with the ℓνbb final state are selected by requiring exactly one electron or muon candidate and missing transverse energy E T > 20 GeV, after jets are corrected for detector imperfections and non-linear calorimeter response [9] . The electron or muon must be within the central part of the detector, in the pseudorapidity regions |η| < 1.1 or |η| < 1.0, respectively, and must have transverse energy greater than 20 GeV. The lepton must be isolated from the rest of the event by a cone of radius ∆R = 0.4 containing no more than 10% of the lepton energy (excluding the lepton itself). It must also be no more than 5 cm in z away from the primary event vertex, which is defined by fitting a subset of charged particle tracks in the event to a single vertex. To suppress background from Z boson and diboson production, we reject events with more than one isolated lepton, as well as calculated by assuming the charged pion mass for all particles, the proper time assuming the vertex mass, the fraction of the jet p T carried by tracks in the vertex, the vertex pass number, the number of tracks with significant impact parameter, the reconstructed mass of the secvtx pass 1 and pass 2 tracks, the numbers of pass 1 and pass 2 tracks, the fraction of the jet p T carried by the pass 1 and pass 2 tracks, and finally the probability of a selected ensemble of tracks to have originated at the primary vertex [13] . The selection cuts on the NN output are chosen to give 90% efficiency for true b jets identified with the secondary vertexing algorithm. The corresponding rejection factors are 65 ± 5% for light flavor jets and 50 ± 5% for charm jets, as measured using simulated events and verified with multijet data.
Our search criteria select events with exactly one high-energy charged lepton, missing transverse energy, and two jets. The search sensitivity is maximized by defining two distinct subsamples based on the following b-tagging requirements: single-tagged events with exactly one b-tagged jet which passes the NN filter, and double-tagged events with two b-tagged jets. Because events with charm and light-flavor jets are unlikely to be double-tagged, the extra NN filter is not applied to double-tagged events. The selected event sample includes contributions from other SM processes. The largest background rates are due to W +jets production, tt production, and non-W multijet production, with small contributions from electroweak boson production W W or W Z.
The dominant background contribution comes from W +jets production, either with jets from b or c quarks or with jets mistagged by the b-tagging algorithm. The effect of true W +heavy-flavor production is estimated from a combination of data and simulation. We use the alpgen Monte Carlo program [14] to calculate the rate of W bb, W cc, and W c production relative to inclusive W +jets production. Then this relative rate is applied to the observed W +jets sample, after non-W and tt contributions have been subtracted. Finally, we apply a b-tagging efficiency and NN filter rate derived using the alpgen event samples.
Events from tt production followed by leptonic W decay typically have two b jets from t decay, significant missing transverse energy, and one or two high-energy leptons with two or zero additional jets, depending on whether one or both W bosons from the top quarks decay leptonically. Our selected sample includes contributions from pairs of top quarks which both decay leptonically, but for which the second lepton is not reconstructed. It also includes contributions from pairs of top quarks with one leptonic decay which are selected as two-jet events because two out of four jets do not satisfy the selection criteria. The contribution from tt production to the ℓνbb final state is estimated using simulated pythia events [15] . It is normalized to the NLO cross section 6.7
+0.7
−0.9 pb calculated for m t = 175 GeV/c 2 [16] . The small contribution from production of single top quarks is estimated using madevent [17] and pythia normalized to the NLO cross section [18] .
Multijet events may have high-energy identified leptons or missing transverse energies, both mimicking the signature of W decay. These may be from semileptonic heavy flavor decay or from false reconstructions. The identified leptons from such events are rarely isolated in energy, as required by our event selection, and seldom yield large missing transverse energy. We therefore calculate the number of non-W events in our selected sample by extrapolating from sideband regions (defined in the space of lepton energy isolation and missing transverse energy) into the signal region [8] .
Contributions from events with falsely tagged light-flavor jets are estimated by measuring a false tag (or mistag) rate in generic jet data. To first order the negative tag rate is a good approximation of the mistag rate because light-flavor jets, whose tracks are prompt, have Gaussian reconstructed decay length distributions symmetric about zero [11] . The mistag rate is further modified by the NN filter efficiency. The resulting overall mistag rate is applied to the W +jets sample to yield the number of mistagged events present in the sample.
Small contributions from electroweak backgrounds (W W , ZZ, W Z, and Z → τ τ ) are estimated using the most recent theoretical cross section calculations [19] , with acceptances calculated using fully simulated events from the pythia Monte Carlo program.
The dominant uncertainty in the W + heavy flavor background is the calibration factor for simulation derived from multijet data [8] . Different simulation inputs give different factors, and we find a 35% relative error on the background from heavy flavor. The background from false tags has major uncertainties on the rate correction due to particle interactions in detector material and on the NN rejection factor. Both are 15% relative errors. Crosschecks of sideband data yield a 17% relative uncertainty on the non-W multijet estimate.
The electroweak background estimates for diboson and single top are subject to uncertainties in the b-tagging efficiency and the cross section predictions.
We use the large b-tagged sample of W +1 jet events to derive a data-based scaling factor of 1.2 ± 0.2, which corrects a residual mismatch between the heavy flavor fraction correction factor in multijet data and the W +jets sample. This single factor is applied to the W + heavy flavor background calibration for all jet multiplicities, and it improves the agreement for the sideband multiplicities of W +1, 3, 4 jets. A summary of the estimated background contributions to the lepton + jets sample is shown in Table I , along with the results from the data sample.
The signal process in which a Higgs boson decays to bb is expected to show a resonant peak in the dijet mass spectrum. Figures 1 and 2 show the dijet mass spectra in the singleand double-tagged 2-jet samples for the estimated background as well as for the observed events. A 115 GeV/c 2 Higgs boson signal at ten times the SM rate is shown for comparison.
There is no significant excess observed in the dijet mass spectrum. The largest discrepancy, for masses near 100 GeV/c 2 , is less than one standard deviation defined by the uncertainty on the background estimate. is generated for each mass; the median limit value in this set defines the expected limit in the absence of signal, and the spread of the pseudoexperiments defines the 1σ band.
The observed limit in the low mass region is roughly 2 standard deviations higher than the expected limit. 
